Export of messenger RNA from the transcription site in the nucleus and mRNA targeting to the translation site in the cytoplasm are key regulatory processes in protein synthesis. In yeast, the mRNA-binding proteins Nab2p and Nab4p/ Hrp1p accompany transcripts to their translation site, where the karyopherin Kap104p mediates both their dissociation from the mRNA and their transport back into the nucleus. We found that Kap104p localized to the distal bud tip and the bud neck during cell division, resulting in a localized release of translation-competent mRNA and increased protein synthesis in the emerging daughter cell. Temporally and spatially coordinated localization of Kap104p is a new mechanism for the asymmetric distribution of protein synthesis in dividing cells.
During its maturation, mRNA is complexed with a changing repertoire of proteins, a fraction of which act co-transcriptionally. These proteins are involved in the modification of mRNA, including 5´-end capping, splicing, 3´-end cleavage and poly(A) addition, and only fully processed transcripts are exported from the nucleus 1 . In addition to mRNA processing, a complex of proteins bound to a single mRNA, called messenger ribonucleoprotein (mRNP), also regulates the export, targeting, stability and translatability of the transcript [2] [3] [4] [5] [6] . Trafficking of mRNP to distinct cellular sites is a common mechanism for ensuring protein synthesis at defined subcellular sites, and it has been found to regulate cell polarity as well as asymmetry during development and differentiation in animals, plants and fungi 7 . The transport of molecules between the cytoplasmic and nuclear compartments occurs through nuclear pore complexes (NPCs) 8 and involves the formation of a carrier-cargo complex, translocation through the NPC, release of the cargo molecule at the trans side, and recycling of the carrier. Most nuclear transport involves the binding of a carrier of the β-karyopherin superfamily to a nuclear localization signal (NLS) present on the cargo. In contrast, mRNA export employs several proteins unrelated to karyopherins, such as the Mex67-Mtr2 heterodimer 2, 3 and nuclear polyadenylated RNA-binding proteins 2 and 4 (Nab2p and Nab4p/Hrp1p). Nab2p is a protein related to human heterogeneous nuclear RNP (hnRNP) that binds poly(A) RNA with high affinity, as demonstrated by its dissociation constant of about 30 nM (refs 9-12) . Nab2p is essential for mRNA export of a subset of transcripts, and its absence leads to the accumulation of poly(A) RNA in the nucleus [12] [13] [14] . Nab4p/Hrp1p is the yeast protein most similar in sequence to mammalian hnRNP A1. In addition to being a factor for the export of mRNA, Nab4p is a component of the cleavage factor I complex 15 . Another abundant mRNP component is poly(U)-binding protein (Pub1p). In the cytoplasm, the bulk of Nab2p interacts directly with Pub1p, and this interaction modulates transcript stability 16 . Before translation, Nab2p and Nab4p are released from the mRNA. The binding of cytosolic karyopherin Kap104p (Kapβ2/Trn in metazoans) to the NLSs of Nab2p (rgNLS) and Nab4p has been implicated in this release 9, [17] [18] [19] . The release of Nab2p from the mRNA is also mediated by the ADP-bound form of the DEAD-box RNA helicase Dbp5p 12 . After the release of Nab2p and Nab4p, the Kap104-cargo complex is imported into the nucleus, where RanGTP and mRNA act cooperatively to dissociate both Nab2p and Nab4p from Kap104p, probably resulting in only a small fraction of Nab2p not being bound to mRNA or Kap104p 9 . Because of its function as a nuclear transport factor, Kap104p was expected to be uniformly distributed in the cytoplasm. We determined the subcellular localization of Kap104p in a Saccharomyces cerevisiae strain that produces a carboxy-terminally tagged Kap104p-GFP (green fluorescent protein) from the genomic KAP104 locus. Surprisingly, Kap104p-GFP accumulated roughly 10-fold compared with the cytoroughly 10-fold compared with the cyto-10-fold compared with the cytoplasm at the distal tip of the daughter cell during early mitotic phase of the cell cycle (referred to hereafter as M phase) and about 50-fold at the bud neck during late M phase; that is, at and after nuclear division ( Fig. 1a-c ; Supplementary Information, Movie S1). Kap104p was the only one of the 14 known karyopherins in yeast that localized to the bud neck or distal tip (not shown). A FRAP (fluorescence recovery after photobleaching) study indicated that Kap104p-GFP was still mobile at the bud neck and the bud tip, with a half time of recovery (t 1/2 ) of 4-8 s (Fig. 1d) . The cytoplasmic concentration of Kap104p-GFP during G1 phase (no bud present) was about 1 µM (Fig. 1e) as determined from the fluorescence intensity, which corresponds to about 25,000 molecules per cell and agrees well with the quantitative western analysis ( Supplementary Information, Fig. S1 ) and previous data 20 . During M phase, the free cytoplasmic concentration of Kap104p-GFP decreased to about 0.5 µM. Introduction of a multi-copy plasmid-encoding mCherry or GFP bearing the NLS from Nab2p (rgNLS-mCherry or rgNLS-GFP, respectively) gave rise to a population of cells containing a variable number of copies of the gene and resulted in a wide range of expression levels of the reporter. We used this characteristic to determine whether the binding of Kap104p to the bud neck or bud tip and the binding of Kap104p-cargo are competitive events. Indeed, in cells expressing rgNLS-tagged mCherry 21 at cytoplasmic concentrations greater than 5 µM, Kap104p-GFP did not accumulate in the distal bud tip or bud neck (Fig. 1f) . A control experiment in which the rgNLS was replaced with the Kap60p/95p-targeted simian virus 40 (SV40) did not result in displacement of Kap104p-GFP from the bud neck (Fig. 1g) , indicating that the competition was specific for Kap104p-cargo.
Next we addressed the nucleocytoplasmic transport of the Kap104p-targeted rgNLS-mCherry reporter throughout the cell cycle. We found that the localization of Kap104p to the distal tip and later to the bud neck coincided with a decrease in Kap104p-mediated accumulation of nuclear rgNLS-mCherry relative to cytoplasmic rgNLS-mCherry, the NC ratio (Fig. 2a-c) . The total amount of reporter present in a cell remained roughly the same during the cell cycle. The NC ratio of the rgNLS reporter is a result of active import and passive efflux through the . Efflux of this small (33.1 kDa) reporter is substantial but severalfold slower than active import. The Kap104p-mediated nuclear import rate has been reported to be limited by the association of karyopherin with cargo and to depend linearly on the cytoplasmic concentration of Kap104p 20 . Indeed, on a typical halving of the cytoplasmic concentration of Kap104p in M phase (Fig. 1e) , we observed a similar decrease in the Kap104p-mediated nuclear accumulation of the rgNLS reporter ( Fig. 2a-c) . To determine the kinetics of Kap104p-mediated nucleocytoplasmic transport, we developed a FRAP-based assay. Selective FRAP (reviewed in ref. 22 ) is based on the partial (about 40%) photobleaching of fluorophores in a cellular compartment and monitoring of the subsequent import of non-bleached fluorophores. We modified the assay to measure nucleocytoplasmic transport quantitatively in yeast (Fig. 2d-f) . For Kap104p-mediated import of rgNLS-GFP, relaxation typically occurred within 40-60 s (Fig. 2d ). An import rate of 2.1 ± 0.7 s −1 per NPC per µM of substrate was determined; the efflux rate was 0.23 ± 0.17 s −1 per NPC per µM of substrate. In contrast, under identical conditions, relaxation of Nab2p-GFP to the steady-state NC ratio did not occur within 10 min after photobleaching (Fig. 2e ). We were unable to quantify the rates of entry as well as exit from the nucleus, but they must be more than an order of magnitude lower than that of the rgNLS-GFP reporter. Existing literature reports that Nab2p is passed on directly from the mRNA to Kap104p in the cytoplasm, and vice versa in the nucleus 9, [17] [18] [19] . Taking into account the fast kinetics of the actual Kap104p-mediated import cycle, for example with rgNLS-GFP, our data therefore indicates that most of the Nab2p-GFP signal is reflecting Nab2p bound to mRNA, and, once released from the mRNA, Nab2p is quickly removed from the cytoplasm by import into the nucleus. Because Nab2p dissociates from . This resulted in the photobleaching of part of the GFP located in the nucleus (circles) and the cytoplasm (squares) and a deviation from the steady-state NC ratio. The relaxation of the NC ratio as a result of the net import of intact GFP and the net efflux of photobleached GFP was followed by recording of a time series of images. The solid lines present a fit with equation (2) (Methods); the import and efflux rates were 2.9 and 0.2 molecules s −1 per NPC per µM of substrate, respectively. (e) As in d, but for chromosomally GFP-tagged Nab2p (Nab2p-GFP). Relaxation did not occur within 10 min. (f) As in d, but for GFP not fused to a NLS (xGFP). This 29-kDa molecule is small enough to diffuse passively through the NPC 20 and is uniformly distributed over the nucleus and the cytoplasm (NC ratio = 1). As both import and efflux follow the same diffusion-mediated process we expect them to be the same; indeed, the import and efflux rates were both 1.3 molecules s −1 per NPC per µM of substrate. Scale bars, 5 µm.
the mRNA before translation 17 and because fluorescence in situ hybridization (FISH) experiments indicated that the total amount of mRNA was uniformly distributed over the mother and daughter cells (Supplementary Information, Fig. S2 ; ref. 23) , we predicted that the asymmetric distribution of Kap104p could impose asymmetric protein synthesis by enriching translation-competent mRNA in the bud; that is, after transfer of Nab2p from mRNA to Kap104p. To test this hypothesis, we determined the translational activity in live cells.
An rgNLS-TC-GFP reporter protein was expressed with the tetracysteine motif (TC) located amino-terminal to GFP 24 . The TC motif can bind specifically to the non-fluorescent, cell-envelope-permeable, biarsenical labelling reagent ReAsH, thereby forming a fluorescent complex. Fully translated rgNLS-TC-GFP protein is imported into the nucleus. Because the TC domain is translated first, ReAsH can bind to the nascent chain as it emerges from the ribosome. Furthermore, inhibition of translation elongation by cycloheximide results in increased ribosome packing of the mRNA 25 . Indeed, treatment with cycloheximide resulted in specific, concentrated bright red ReAsH staining located primarily in the bud ( Fig. 3a; Supplementary Information, Fig. S3 ). For cycloheximidetreated cells, the ReAsH signal emerging from the translation sites was more than tenfold that from the nucleus, where ReAsH was bound to the mature reporter protein. Replacing the rgNLS with the Kap60p/95p-targeted SV40 cNLS showed that the localization was independent of the NLS (Fig. 3b) . Kap104p was necessary for localized translation in the bud, because the concentrated ReAsH staining was absent from the temperature-sensitive Kap104 mutant (Kap104-16; ref. 18 ) at the non-permissive temperature (37 °C; Fig. 3c ). Under these conditions Kap104 protein levels decreased, as is apparent from the decreased nuclear accumulation of the rgNLS reporter. Control experiments with the temperature-sensitive strain at the permissive temperature (30 °C) and the wild-type strain at 37 °C (Fig. 3d, e) confirm that loss of ReAsH staining was due to depletion of Kap104p. The determining role of Kap104p in localized protein synthesis is supported further by the observation that asymmetry in translation sites was not observed in cells expressing the cytoplasmic rgNLS reporter at concentrations above 5 µM, in which Kap104p was displaced from the distal bud tip or bud neck (Fig. 1f) . The mechanism of localized translation is independent of the She pathway of mRNA targeting, because deletion of the gene encoding the She2p RNA-binding protein 26 did not result in an altered localization of the translation sites (Fig. 3f) .
The ReAsH assay is complicated by the fact that the treatment with cycloheximide, needed to increase the ribosome packing, resulted in diminished localization of Kap104p to the distal tip and bud neck. To permit simultaneous visualization of Kap104p-GFP and the ReAsH translation sites, we replaced GFP in the TC reporter by a maltose-binding protein (MBP). Importantly, in most cycloheximide-treated cells, most Kap104p no longer localized to the distal tip cortex but formed a punctate staining that overlapped with the ReAsH signal in the daughter cell. In a small fraction of the cells, clear ReAsH signals were still observed at the cortex of the distal tip and the bud neck (Fig. 3g) . Taken together, these results indicate that in budding yeast, translation does indeed colocalize with Kap104p and takes place at the distal tip and bud neck. More recently, it was shown that Dbp5p mediates the dissociation of Nab2p from mRNA 12 , and 40-60% of total Dbp5p has been found associated with mRNA-polyribosome complexes 27 . Interestingly, a substantial fraction of a GFP-tagged version of Dbp5p also localized to the distal tip (Fig. 3h ) and presumably associates with the translation sites.
The hypothesis of localized protein synthesis, taken together with the transport data, implies the fast removal of Nab2p from the cytoplasm once released from the mRNA, and would lead to an asymmetric distribution of Nab2p over mother and bud in those stages of the cell-cycle in which Kap104p localized to the bud. Indeed, during M phase, concentrations of Nab2p-GFP expressed from the genomic NAB2 locus were 20-30% lower in the bud than in the mother cell (Fig. 4a, b) . It is possible that the real concentration difference is higher. Quantification was difficult as a result of low expression levels, resulting in fluorescence intensities that were close to autofluorescence. Similar observations were made for chromosomal, GFP-tagged versions of the Kap104-cargo Nab4p and of the cytoplasmic Nab2p interaction partner Pub1p. The lower Nab2p, Nab4p and Pub1p levels in the bud are not an artefact of the imaging method, because GFP without a NLS (xGFP) and rgNLS-GFP were distributed equally over mother and bud (Fig. 4c, d) . In addition, there was no apparent correlation between the size of the bud and the ratio of the cytoplasmic GFP concentration in the bud relative to the mother cell (Fig. 4e) , which would have been the case if the result was an artefact resulting from the diffraction limited axial resolution. Our hypothesis also predicts that the asymmetry of the Nab2p distribution should be highest when Kap104p localizes to the bud. We used the cytoplasmic concentration of Nab2p-GFP to report the cell cycle stage because the cytoplasmic Nab2p-GFP is high when import is low as a result of Kap104p localization to the bud (Fig. 2a-c) . Indeed, a significant negative correlation was found between the cytoplasmic concentration of Nab2p-GFP and its asymmetric distribution (Fig. 4f) . In other words, in cells with a higher cytoplasmic Nab2p-GFP concentration, the Nab2p-GFP distribution was more asymmetric.
In summary, we have made the following observations. Kap104p is localized in the distal tip of the daughter cell during early M phase and to the bud neck during late M phase. This apparent partitioning coincides with a decrease in Kap104p-mediated nucleocytoplasmic transport and with decreased levels of Nab2p and Nab4p in the bud. The transport kinetics are consistent with the association of the vast majority of cytoplasmic Nab2p and Nab4p with mRNPs. During M phase, translation of the transcripts coding for the rgNLS-TC-GFP and TC-GFP-cNLS reporter proteins, and presumably many other proteins, is most prominent in the bud. The presence of functional Kap104p is essential for the localized translation.
On the basis of these data, we propose a simple model in which the localized Kap104p evokes enhanced protein synthesis in the newly forming daughter cell by freeing mRNA from associated proteins. During G1 phase (Fig. 5a ), Kap104p is uniformly distributed in the cell and the dissociation of Nab2p and Nab4p from mRNA takes place throughout the cytoplasm. Furthermore, Kap104p facilitates the translocation of Nab2p and Nab4p through the NPC. During early M phase (Fig. 5b) , about 50% of Kap104p and about 10-20% of Dbp5p become localized to the distal tip of the daughter cell. Therefore, dissociation of Nab2p and Nab4p from mRNA and fast re-import of the Nab proteins into the nucleus will Nab2p-GFP, Nab4p-GFP, rgNLS-GFP or Pub1p-GFP. Error bars indicate s.e.m.; asterisk, significantly deviation of the ratio from that of xGFP (t-test; P < 0.05). (e) DM ratio plotted as a function of the size of the bud relative to that of the mother for Nab2p-GFP (squares, n = 101) and rgNLS-GFP (grey circles, n = 91). There was no significant correlation (Spearman's rank, P < 0.01) for both datasets, indicating that the asymmetrical distribution is not an artefact arising from the diffractionlimited axial resolution. (f) DM ratio as a function of cytoplasmic concentration in the mother cell of Nab2p-GFP (squares) and rgNLS-GFP (grey circles). There was a significant negative correlation between Nab2p-GFP and DM ratio; no correlation was found for rgNLS-GFP.
take place mainly in the bud, resulting in a decrease in the cytoplasmic concentrations of Nab2p and Nab4p in the daughter cell relative to the mother cell. The unloading of Nab2p mediated by Kap104p and Dbp5p, and presumably the co-release of translational repressors at the distal tip, thus effectively target translation-competent mRNA to the emerging daughter cell. The position of Kap104p switches to the bud neck during late M phase (Fig. 5c ). If Kap104p in the bud neck were to release roughly half of the transcripts for the daughter and half for the mother cell, it could still have a decisive role in cell growth, because the volume of the daughter cell is about 50% (diameter about 80%) that of the mother during cytokinesis. The distinct localization of Kap104p in the bud neck might also relate to its role in cell cycle progression and regulation of mitotic exit 28 . The mechanism of subcellular Kap104p localization is still unclear, but many kinases involved in cell cycle progression locate to the bud neck. Especially interesting is the finding that Hrr25p, a kinase catalysing a mitosis-specific phosphorylation on nucleoporin Nup53p, shows a localization pattern similar, although not identical, to that of Kap104p, first to the bud and later to the bud neck 29 . Specific mRNA localization 7 is a crucial step in the control of local protein synthesis and is necessary for the establishment of cell polarity, asymmetric development and differentiation in higher eukaryotes. Using budding yeast as a model system, we report a novel mechanism by which cell-cycle-dependent localization of Kap104p effectively organizes the subcellular distribution and localization of translation-competent mRNA between the mother and the emerging daughter cell.
METHODS

Plasmids and strains.
Plasmids and strains were obtained with conventional techniques, described in Supplementary Methods. All experiments were performed in yeast strain BY4742 (Invitrogen), grown in (low fluorescent) synthetic dropout medium complete (SDC) with or without histidine, uracil or leucine (pH 5.4; Sigma-Aldrich), supplemented with 2% (w/v) glucose. Expression of the TC-GFP-cNLS reporter was induced by growth overnight in synthetic dropout medium without histidine, supplemented with 2% (w/v) raffinose and 0.1% (w/v) galactose (no glucose).
Microscopy. Microscopy and selective FRAP were performed with a laser scanning confocal microscope, as described elsewhere 30 . Exponentially growing cells were kept in the SDC growth medium at 30 °C and immobilized under the microscope with poly-(l-lysine)-coated coverslips. The dwell times for laser scanning confocal microscopy were between 0.1 and 0.3 ms and the pixel steps were between 30 and 100 nm. For each of the images, a pixel analysis was used to determine the volumes and fluorescence intensities of the various cell compartments (nucleus and cytoplasm; Supplementary Information, Fig. S1 ). These intensities were converted into absolute GFP/mCherry concentrations, using the count rate per molecule estimated from fluorescence correlation spectroscopy (FCS) measurements on crude cell extracts. The fluorescence quantum yield in the cell extract was assumed to be similar to that in the cell. Immunofluorescence was performed as described in Supplementary Methods.
Staining of translation sites with ReAsH.
The sites of translation were stained by using a similar approach to that described in ref. 25 and Supplementary  Information, Fig. S3 . Cells in the exponential phase of growth, expressing plasmid-encoded rgNLS-TC-GFP, rgNLS-GFP, TC-MBP-cNLS or TC-GFP-cNLS, were harvested by centrifugation (5,000g for 2 min) and concentrated twofold in SDC supplemented with 1 mg ml −1 cycloheximide. After incubation for 30 min at 30 °C, the cell-permeable labelling reagent 4,5-bis(1,3,2-dithiarsolan-2-yl)-resorufin (ReAsH; Invitrogen) was added to a concentration of 5 µM and the cell suspension was incubated in the dark for 1 h at 30 °C. The cells were washed with 250 µM 2,3-dimercapto-1-propanol and concentrated tenfold in SDC supplemented with 1 mg ml −1 cycloheximide for imaging. Control experiments were performed without cycloheximide treatment and with rgNLS-GFP (without the tetracysteine domain).
Selective FRAP. Selective FRAP, also called selective photobleaching (reviewed in ref. 22) , was performed to determine the kinetics of nucleocytoplasmic transport. For selective FRAP, a confocal image of a yeast cell was recorded and the laser was focused on the nucleus for 5-10 s, resulting in partial (about 40-50%) photobleaching of the GFP (fused to the rgNLS or full-length Nab2p; Fig. 2d-f) . As a result of the compact, barrel-like structure of GFP, it is shielded from the external environment and no damaging effects to the cell are caused by reactive intermediates generated by photobleaching 22 . Because nucleocytoplasmic transport still occurred during this photobleaching step, the signal from the cytoplasm was also decreased by about 20-30%. The NC ratio, defined as the ratio of the GFP concentration in the nucleus to that in the cytoplasm, was thus decreased by the selective photobleaching and subsequently recovered to the steady-state NC ratio by means of net nuclear import. The import of intact GFP was followed by recording a time series of images, using the same laser intensity as for photobleaching (less than 10 µW at the back aperture of the objective). Additional photobleaching during imaging was less than 3% and was neglected. The changes in the concentrations of GFP in the cytoplasm and the nucleus were fitted by mRNA Kap104p Nab2p Ribosome-mRNA a b c Figure 5 Model of Kap104p-mediated mRNA targeting. Nab2p binds to mRNA in the nucleus (yellow), and this complex is translocated to the cytoplasm, where Kap104p and/or Dbp5p mediate the dissociation of Nab2p from the mRNA, allowing translation. The Kap104p-Nab2p complex returns to the nucleus by means of Randriven nucleocytoplasmic transport. (a) During G1 phase, Kap104p is uniformly distributed over the cell, and the dissociation of Nab2p from the transcripts occurs throughout the entire cytoplasm. (b) During early M phase, Kap104p (and Dbp5p) locate to the distal tip, resulting in localized Nab2p dissociation (and re-import into the nucleus) and localized mRNA translation. (c) In late M phase, Kap104p localizes to the bud neck. We propose that this localization tunes the distribution of mRNA and associated proteins over the mother and daughter cells, allowing the daughter cell to mature to full size.
using a model based on the assumption that diffusion of GFP in the cytoplasm and nucleus is much faster than the import and efflux rates and therefore these rates depend linearly on the cytoplasmic and nuclear concentrations of GFP. For the concentration change in the nucleus,
where C N (t) and C C (t) are the concentrations in the nucleus and cytoplasm, respectively; I and E are the influx and efflux rates and A = V N , where V N is the volume of the nucleus. For the concentration change in the cytoplasm, the solution is similar but now A = −V C , where V C is the volume of the cytoplasm. The analytical solution of equation (1) for C N (t) is given by
where B = I, C = V C and C N (0) and C C (0) are the initial concentrations of GFP. For C C (t), the solution is similar, but now B = E and C = −V N . The rates from equation (2) were converted to the turnover of the NPC by assuming a constant density of 12 NPCs µm −2 , as reported in ref. 20 . We found no effect of the photobleaching of GFP on the viability and growth of the cells. 
C O R R I G E N D U M
In a follow-up study of our paper, we discovered that the Kap104-GFP strain obtained from Invitrogen and used in the published study is a mixture of three different strains, namely Fir1-GFP, Doa4-GFP and Kap104-GFP. The initial PCR check, using extracted chromosomal DNA and genespecific primers, identified the gene encoding Kap104-GFP, and immunoblot analysis using GFP antibodies did not reveal the contamination because all three of these GFP-tagged proteins have a similar molecular mass, 126 kDa, 132 kDa and 131 kDa, respectively. However, upon prolonged cultivation, the Fir1-GFP strain outgrows the others, and as a result, we have mistakenly worked with this strain. Therefore, the fluorescence pattern was mistakenly interpreted as that of Kap104-GFP; Fig. 1 thus shows the localization of Fir1-GFP rather than Kap104-GFP, and these data are no longer relevant to the paper. The GFP signals in Figs 2a and 3g are from Fir1 and not Kap104. The first lane in Supplementary Fig. S1f corresponds to Fir1-GFP rather than Kap104-GFP. The localization of Kap104 as presented in the model in Fig. 5 is no longer supported by the data.
The experiments presented in the published paper that do not use the contaminated Kap104-GFP strain are correct and have been reproduced since the publication of the original study. The following conclusions of the paper continue to stand: (1) Kap104 has a role in increased translation in the daughter cell; (2) Kap104 cargo, Nab2 and Nab4 are asymmetrically distributed in mother and daughter cells; (3) Nab2-derived reporter proteins (rgNLS-GFP) undergo cell-cycle dependent Kap104-mediated nuclear import; (4) translation sites predominate in the daughter cell. However, our model suggesting that asymmetric localization of Kap104 underlies the asymmetry in cargo distribution and translation is no longer supported by the data. Thus, we do not currently have a mechanistic explanation for the role of Kap104 in increased translation in the daughter cell. Cells were grown to 10 7 cells ml -1 , washed and lysed by boiling the cell suspensions for 5 min in 100 mM Tris HCl, pH 7.5, supplemented with 1% SDS. Subsequently, 0.7 g ml -1 glass beads (0.1 mm diameter) were added, and the samples were shaken twice in a FastPrep device (Bio101, Vista, CA) for 20 s at force 6. Cell lysates were cleared by centrifugation for 2 min at 20,000 ×g. For each of the cell samples, the equivalent of 2 × 10 6 cells were loaded on the SDS-PAGE gel. The amounts of GFP-fusion protein in the cell lysates was determined using Western blot analysis with a primary antibody raised against GFP (Sigma-Aldrich, St Louis, MO). His-tagged GFP purified from Escherichia coli was used for calibration. The amounts of protein were 40,000 copies/cell for Kap104p-GFP (~1.5 µM), 80,000 copies/cell for cNLS-GFP (~3 µM), and 150,000 copies/cell for rgNLS-GFP (~6 µM). 
